Abstract. The Gem Lake shear zone is a northwest striking, steeply dipping, dextral transpressional shear zone that provides the first direct evidence for dextral deformation in wall-rock pendants in the central part of the Sierra Nevada 
Introduction
In this paper we describe evidence for, and the components of, the Gem Lake shear zone, a northwest striking, dextral Mylonitic foliation associated with the Gem Lake shear zone is subparallel to, and generally merges with, the northwest trending structural fabric. A prominent stretching lineation is present on foliation planes within the shear zone. Structural relations in the NRP suggest that Late Jurassic or Early Cretaceous regional contractional deformation, which resulted in thrust faulting and the third-generation contractional fabric, progressively evolved into dextral transpressional deformation in the middle Cretaceous, possibly with reactivation of the older contractional fabric.
Transpressional Deformation in the Gem Lake Shear Zone
The Gem Lake shear zone is a high-strain zone developed by a combination of dextral shearing and subvertical stretching associated with horizontal shortening. As described in detail below, horizontal exposures within the shear zone show dextral strike-slip shear indicators, including asymmetric porphyroclasts, S-C fabric, rotated veins, and asymmetric minor folds. In contrast, steeply dipping surfaces commonly show evidence of subvertical stretching, including symmetrically extended porphyroclasts and well-developed, steeply plunging stretching lineation.
A conceptual model for this style of deformation is illustrated in Figure 3 . A ductilely deforming dextral shear zone is located between two unstrained blocks. Horizontal shortening perpendicular to the shear zone boundaries (indicated by full arrows) results in vertical stretching of the rocks within the shear zone and the development of a steeply plunging stretching lineation. Synchronous dextral simple shear parallel to the shear zone boundaries (indicated by half arrows) results in dextral displacement across the shear zone, as indicated by asymmetric porphyroclasts and other dextral strike-slip shear indicators. Note that in this model the stretching lineation tracks the direction of maximum finite stretching (x axis in Figure 3) The Gem Lake Shear Zone in the Northern Ritter Range Pendant
The Gem Lake shear zone as defined in this paper consists of three segments: the Gem Lake segment, the Kuna Crest segment, and the Ritter Range segment (Figure 4) . The simple shear and pure shear components of deformation are variably partitioned within and between these segments. The Gem Lake and Ritter Range segments are dominated by dextral simple shear with subordinate vertical stretching; the Kuna Crest segment exhibits dominant subvertical stretching with subordinate dextral simple shear. The following sections describe the Gem Lake and Kuna Crest segments separately and summarize evidence that these segments are components of the same shear zone. The Ritter Range segment is described in a later section.
Gem Lake Segment
The Gem Lake segment is the primary strand of the Gem Lake shear zone. It is a northwest striking, steeply southwest Summary. In the Gem Lake segment, dextral strike-slip deformation is indicated by porphyroclast asymmetries, S-C fabric, rotated veins, and asymmetric minor folds observed on horizontal surfaces. Subvertical stretching is evidenced by symmetrically extended porphyroclasts and by steeply plunging stretching lineation. There is no consistent overprinting relationship between structures related to strike slip and those related to stretching.
Extension fractures and pressure shadows associated with the stretching lineation contain the same calcite-sericitequartz mineral assemblage as the S-C fabric and the asymmetric porphyroclast systems associated with dextral shearing. In addition, feldspar and quartz porphyroclasts show similar brittle to brittle-ductile conditions of deformation in both stretching-parallel and strike-slip-parallel sections. We interpret these relations to indicate that dextral shearing and subvertical stretching in the Gem Lake segment were coeval. The Gem Lake segment is thus a transpressional shear zone in which the stretching direction is perpendicular to the slip direction.
Kuna Crest Segment
The Kuna Crest segment is characterized by a zone of prominently lineated rocks, exposed from the north end of Kuna Crest to the vicinity of Blacktop Peak (Figure 2) . Although structures in the Kuna Crest segment indicate dominantly subvertical stretching, subordinate dextral structures are also present, and the Kuna Crest segment is considered to be a segment of the Gem Lake shear zone. The Gem Lake and Kuna Crest segments display an anastomosing map pattern (Figure 2) . A splay of the Gem Lake segment trends obliquely into the Kuna Crest segment south of Helen Lake, and at the north end of Kuna Crest the Gem Lake and Kuna Crest segments appear to merge. This anastomosing map pattern, combined with the similarities in deformation, structural style, and timing, indicates that the Kuna Crest and Gem Lake segments are parts of the same shear zone.
Stretching lineation in the Kuna

Regional Characteristics of the Gem Lake Shear Zone
The Gem Lake shear zone includes the Gem Lake segment, the Kuna Crest segment, the Ritter Range segment, and adjacent splays (Figure 4) 
Amount of Displacement
The magnitude of dextral displacement on the Gem Lake shear zone is difficult to constrain because displacement was predominantly parallel to the regional trends of structures. However, an estimate of displacement is provided by isolated The degree of continuity of these various shear zones and sheared granitoids is unknown. Nevertheless, a nearly continuous system of middle Cretaceous shear zones can be traced from the Saddlebag Lake pendant to at least the Oak Creek pendant, a distance greater than 150 km (Figure 11) . A dextral transpressional shear zone system of this extent would have important implications for middle Cretaceous tectonics and pluton emplacement in the Sierra Nevada.
We propose to call this system of distributed dextral shearing the Sierra Crest shear zone system [Tikoff, 1994; Tikoff and Greene, 1994] . This is intended as a collective term for locally defined, but possibly related, middle Cretaceous dextral shear zones in the eastern Sierra Nevada including, but not limited to, the Gem Lake, Rosy Finch, and associated shear zones discussed above.
Other Proposed Shear Zones in the Central and
Southern
Sierra Nevada
The Gem Lake shear zone and its possible continuations provide direct field evidence for a dextral shear zone system of regional extent in the central and eastern Sierra Nevada. As noted earlier, similar dextral shear zones have been suggested by a number of workers based on other lines of evidence. IBB 2 and IBB 3. Two intrabatholithic dextral faults, termed Intrabatholithic Breaks 2 and 3 (IBB 2 and IBB 3) by Kistler [1990 Kistler [ , 1993 Lahren et al [1990] concluded that displacement on the Mojave-Snow Lake fault occurred after 148 Ma (the age of dikes in the Snow Lake pendant that are correlated with the Independence dike swarm) and before about 110 Ma (the age of granitic plutons that are interpreted to have intruded and obscured the trace of the fault). These timing constraints suggest that displacement on the Mojave-Snow Lake fault occurred before the last phase of deformation in the Gem Lake shear zone. Possibly, an early phase of displacement on the Gem Lake shear zone was synchronous with displacement on the Mojave-Snow Lake fault, and the Gem Lake shear zone was later reactivated during intrusion of the Late Cretaceous plutons. In this case, the Gem Lake shear zone might have been a subsidiary strand of a Mojave-Snow Lake fault system, analogous to the various strands of the present-day San Andreas fault system [Greene and Dutro, 1991]. Other possibilities are (1) the Mojave-Snow Lake and Gem Lake shear zones do not overlap in time and are unrelated structures, and (2) displacement on the Mojave-Snow Lake fault may have been younger than is presently believed.
Proto Evidence for major dextral transpressional deformation is locally recorded in wall-rock pendants as described here (e.g., the Gem Lake shear zone), whereas only the minor postemplacement phase of this deformation is recorded in the plutons themselves (e.g., the Rosy Finch shear zone). We speculate that emplacement and cooling of Late Cretaceous plutons may have substantially altered the rheology of the Sierra Nevada block, welded the shear zones, and possibly resulted in the transfer of dextral displacement from the arc to forearc or back arc regions.
Conclusions
In the Gem Lake shear zone, dextral shearing and subvertical stretching associated with horizontal shortening are directly related and resulted from dextral transpressional deformation. Widespread evidence exists for dextral strike-slip and/or contractional deformation with subvertical stretching during middle Cretaceous time in the central and southern Sierra Nevada. Other examples include the Rosy Finch shear zone, the proto-Kern Canyon shear zone, sheared rocks in the Saddlebag Lake, Mount Goddard, Oak Creek, Mineral King, and Boyden Cave pendants, and sheared granitoids in and adjacent to the Mount Whitney intrusive suite. While there is as yet insufficient data to demonstrate conclusively that all of this deformation is directly related, the evidence is consistent with the hypothesis that the middle Cretaceous Sierra Nevada was characterized by distributed dextral transpressional deformation, with numerous active shear zones that are now only locally preserved in metamorphic pendants and older plutons bordering the Late Cretaceous batholith.
